Introduction {#S0001}
============

The epidermal growth factor receptor (EGFR) -tyrosine kinase inhibitors (TKIs) have revolutionized the treatment for *EGFR*-mutant non-small-cell lung cancer (NSCLC).^[1](#CIT0001)--[4](#CIT0004)^ Despite initial efficacy, almost all patients will ultimately develop resistance, resulting in median PFS of approximately 12 months.^[5](#CIT0005)^ Multiple molecular mechanisms underlying acquired resistance to EGFR-TKIs have been identified.^[6](#CIT0006)--[8](#CIT0008)^ The transformation to small-cell lung cancer (SCLC) has been described as a mechanism, occurring in 3--15% of patients.^[9](#CIT0009)--[11](#CIT0011)^ Patients developed SCLC transformation often present an aggressive clinical course with poor prognosis with a median overall survival of 6 months since the diagnosis of SCLC transformation.^[12](#CIT0012)^ Several studies have demonstrated an initial response to etoposide and cisplatin (EP) regiment but often develop resistance within a short time.^[13](#CIT0013),[14](#CIT0014)^ Here, we report a 53-year-old male with metastatic *EGFR*-mutant lung adenocarcinoma (ADC) who developed SCLC transformation as resistance and subsequently benefited from etoposide and cisplatin with a PFS of 7.7 months.

Case report {#S0002}
===========

A 53-year-old Chinese man with a smoking history of 20 years presented to our clinic with bloody sputum, fever, and back pain lasting for 20 days. He was found to have stage IV ADC(T4N3M1b) with multiple bone and bilateral adrenal metastasis. Positron emission tomography-computed tomography revealed fluoro-2-deoxy-d-glucose-positive lesion measuring 3.3 × 5.8 × 5.0 cm in the left lower lobe ([Figure 1](#F0001)(a)). He also had bronchial stenosis and occlusion and mediastinal lymphadenopathies. Emission computed tomography and magnetic resonance imaging revealed disseminated bone metastases and small nodules ischemia sites on the bilateral frontal and parietal lobes. Laboratory examinations revealed positive neuron-specific enolase (NSE) at 26.36 ng/mL, carcinoembryonic antigen at 3.99 ng/mL, and cytokeratin 19 fragment antigen 21-1 (CYFRA21-1) at 11.47 ng/mL in the serum ([Figure 2](#F0002)). Mutation analysis by amplification refractory mutation system polymerase chain reaction showed *EGFR* exon 19 deletion. Immunohistochemistry staining showed an overexpression for hepatocyte growth factor receptor and lack of expression for anaplastic lymphoma kinase (*ALK*) and ROS proto-oncogene 1 receptor tyrosine kinase (*ROS1*).10.1080/15384047.2019.1617561-F0001Figure 1.Tumor lesions detected by PET-CT. (a). Before the start of TKI treatment: central lung tumor in the left lower lobe mass infiltrating the hilum and mediastinum and bilateral adrenal metastases; (b). Progression after 6 months of erlotinib: enlarged pleural mass that showed transformation to SCLC. (c) Partial response after four cycles of EP chemotherapy and erlotinib continuation: Dramatic shrinkage of the primary lung tumor.10.1080/15384047.2019.1617561-F0002Figure 2.Variation curve of NSE, CEA, CA125, CA153, CYFRA21--1 and SCC. NSE, neuron‑specific enolase; CEA, carcinoembryonic antigen; CA125, carcinoma antigen 125; CA153, carcinoma antigen 153; CYFRA21-1, cytokeratin 19 fragment antigen 21-1; SCC, squamous cell carcinoma antigen.

The patient was administered erlotinib at 150 mg once daily orally and achieved partial response (PR) after 1.5 months based on Response Evaluation Criteria In Solid Tumors 1.1. On 16 May 2016, the patient returned to our clinic due to sever ostalgia. CT scan revealed an enlarged pleural mass measuring 3.8 × 4.0 × 5.0 cm ([Figure 1(b)](#F0001)). Re-biopsy of the primary tumor revealed *EGFR* 19 del accompanied by SCLC transformation evident by positive expressions of CD56, TTF-1, CK7, and synaptophysin ([Figure 3](#F0003)). H&E staining revealed typical SCLC histology consisting of nests of small cells ([Figure 3](#F0003)). In addition, levels of NSE (26.03 ng/mL) and CYFRA21-1 (13.02 ng/mL) were also elevated ([Figure2](#F0002)). He was subsequently switched to standard etoposide (100 mg i.v. on days 1--5) and cisplatin (40 mg i.v. on days 1--3, once every 3 weeks) (EP regime) in combination with erlotinib. He achieved PR after four cycles ([Figure 1(c)](#F0001)) and developed disease progression (PD) with an enlargement of primary and metastatic lesions after a PFS of 7.7 months. At PD, capture-based targeted sequencing of plasma sample revealed *EGFR* 19 del, T790M, *RB1*, and *TP53* mutations, and he was subsequently switched to osimertinib (80 mg, qd) and had a PFS of 1.8 months. After disease progression, he only underwent palliative care.10.1080/15384047.2019.1617561-F0003Figure 3.HE and IHC staining was performed on primary tumor biopsies after 6 months of erlotinib treatment. The cells displayed an SCLC phenotype with hyperchromatic nuclei, abundant cytoplasm, and inconspicuous nucleoli. Typical for SCLC, IHC was strongly positive for CD56 and TTF1, and focally for CK7 and synaptophysin (all 400×).

Discussion {#S0003}
==========

Numerous EGFR-TKI resistance mechanisms have been identified. Transformation of *EGFR*-mutant ADC to SCLC was recently proposed as a mechanism of acquired resistance to EGFR-TKIs.^[9](#CIT0009),[10](#CIT0010)^ Numerous studies have documented such cases.^[15](#CIT0015)--[17](#CIT0017)^ Most patients who developed SCLC transformation are often associated with aggressive clinical behaviors and poor prognosis with a median overall survival (OS) of 6 months. Several studies have reported transient response to EP regiments after the development of SCLC transformation.^[17](#CIT0017),[18](#CIT0018)^ Here, we reported an unexpected case of a favorable response to EP of an *EGFR*-mutant patient who developed SCLC transformation as resistance to erlotinib with a PFS of 7.7 months.

At PD after the exposure to erlotinib, the primary mass showed typical SCLC histology consisting of nests of small cells, which were positive for CD56, TTF-1, and focally positive for CK7 and synaptophysin ([Figure 2](#F0002)), suggesting SCLC transformation. Capture-based targeted sequencing revealed concomitant loss-of-function mutations in retinoblastoma protein (*RB1*) and *TP53*, a typically molecular feature for SCLC, providing additional evidence for SCLC transformation. The dual mutations were rarely observed in NSCLC patients.^[10](#CIT0010),[19](#CIT0019)--[21](#CIT0021)^ The significant increase of NSE level, an important marker for SCLC, also indicated SCLC transformation.^[22](#CIT0022),[23](#CIT0023)^ The mechanism underlying SCLC transformation remains elusive. Researchers have proposed two hypotheses: (1) the primary tumor is composed of both SDC and SCLC, and SCLC becomes dominant after the EGFR-TKI treatment. (2) After the exposure to EGFR-TKI, SCLC transdifferentiates from ADC.^[24](#CIT0024),[25](#CIT0025)^ Molecular testing revealed that both the original and the transformed tumor at the time of resistance shared the *EGFR* 19 del, which suggests that SCLC transformation represents an evolution from the initial ADCs rather than a second coincident event.^[9](#CIT0009),[11](#CIT0011)^ Historically, ADCs and SCLC share a common precursor with alveolar type II cells and that *EGFR* mutation could be a factor promoting SCLC transformation under the selective pressure of TKI therapy.^[10](#CIT0010),[19](#CIT0019)^

In summary, this case reported an unexpected favorable clinical response to EP with a PFS of 7.7 months of an *EGFR*-mutant lung ADC patient who underwent SCLC transformation as resistance to EGFR-TKI.
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